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The new Type 1391-A Pulse, Sweep, 
and Time-Delay Clenerator is a pulse 
source and measuring device designed 


to meet the diverse rerjuirements of 
laboratories engaged in time-<lomain 
measurements.^ It produces pulses of 
medium power and good rise-time, over 
an extremely wide range of durations 
and repetition rates, and it generates 
time tielays and saw-tooth sweeps over 
comparably wide time intervals. 

• Frank. R, W.. **.\ Wide Ranite Pulse fJenenitor for 
Laboratory Applicationa," Procetdingit of thr \ittionat 

EUclronic Conference, Vol. 8, Jan. 1953, 



Figure 1 A. Panel view of the generator unit; for view with power supply unit, see page 2. 
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This iiislruinent contains, in a single 
assoinhly, (1) a pulse gencralor. (2) a 
limeHleluy generator, and (8) a linear 
siiNV-tooth sweep generator. The time- 
delay generator has a calibrated range 
from one microsecond to 1.1 seconds; 
the linear sweep generator produces 
saw-tooth waveforms ranging in dura¬ 
tion from 3.U microseconds to 0.12 
second. 'I'he start aial stop times of 
pulses continuously adjustable in dura- 
lion from 0.05 microsi‘cond to 0.1 sec¬ 
ond can be precisely set at any point 
along this sweep by amplitude com¬ 
parators.- The pulse r(*])etiti()n rate is 
set by an external generator, whicli may 
have almost any waveform. 

The generator nt)t only covers wide 
ranges, but it produ(;es its time delays, 
pulses, and sweeps with high accuracy 
and stability. Its (wer-all usefulness is 
greatly enhanced l)y its many termi¬ 
nals, which permit access to th(» various 
basic circuit grouj)s that perform the 
sequential operations involved; and by 
its internal switching, which permits 

* The aniplitiule conipurutore throu^iotit tliis iruitni- 
mem iirc Srliinitt Irigaer ciiruits. (Note 3) For a 
roinpleU* du)«'uss(un, ineludini* a rireuit for u winaitix’o 
eoinparutor, see M. C, Moltje, 'W Now Cinmil. for .Anipli- 
lode Comparison," GeniraJ. Hadio Exprriminttir, Vol. 30, 
No. 0. November, 1055, p. 1. 



the user to olitain many ditrerent com¬ 
binations for optimum solutions to 
parti(‘ular problems. 

Throughout this instrument liming 
is accomplished by the combination of 
|{-C integrator sweep circuits and am¬ 
plitude comparatoi-s. The application of 
these simple, fundamental timing sy.s- 
terns leads to circuits that are practi¬ 
cally independent of tube characteris- 
ti(*s, have fast recovery times, and good 
signal-to-noise ratios, .\dditional divi¬ 
dends are linear dial scales and absolute 
accuracies dependent only upon the 
stability of the resistors and capacitors 
of the integrator circuits. 

In addition to accuracy and reliabil¬ 
ity, this instrument provides the user 
with conveniences and elTects not pre¬ 
viously available in other pulse genera¬ 
tors. For example, a completely new 
type of push-pull, bistable pulse-output 
circuit was incorporated. This output 
circuit provides a moderately high cur- 
rent (150 ma) into a numlier rif inter¬ 
nally contained, switched, source im¬ 
pedances. I'his balanced system has no 
limit on duty ratio, and, since the output 
is fed directly to the pulse output termi¬ 
nals, pulses of any duration can be pro¬ 
duced without ramp-off effects. 

BASIC CIRCUITS 

d'lie basic circuit groups shown in 
Fig. 2 perform the necessary liming and 
shaping operations. The groups consist 
of: 

(1) Input synchronizing circuits that 
produce a single trigger pulse per cycle 
from any timing waveform. This trigger 
pulse, referred to hereafter as the direct 
trigger, serves as the basic timing signal. 

It drives 

(2) Delay circuits capable of produc- _ 

Figure IB. View of the complete Pulse, Sweep, 
and Time-Delay Generator, with power supply. 
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iiig HI) a<*curaU*ly tiiiuHi dflayeil 
pulse* over the range 1 /isi*e to l.l sec 
after the direct trigger. These* delay <*ir- 
cuits comprise*: (a.) a main d(*lay-<*ircuit 
group pnxlucing a delayenJ pulse* of 1 
/isec to I sec, and, (h.) a coincidence 
system c'oiisi.st iiig of a monostahle gate.*, 
a coincidence circuit, and pulse-forming 
circuits to pnMhn*e a tielayed synchro¬ 
nizing pulse. 'Fhis coincid(*nce .system 
|M*rmits .such oi>e*rations, as tedevision- 
line se*lection. .stahilizenl de*lays, and 
multiple pulsing of the* pulse* generator. 

(It) \ linear swe*e'p <*ire*uit, preKlu<‘ing 
a ‘ioO-volt pn.sh-pull sawtooth available 
at panel terminals and variable in steps 
of It, (), and 12 ixavr, with a o-decade* 
tnultiplie*!' to provide for a maximum 
swe‘ep duration of 0.12 se*c. 'fhe* swe*ep 
eluration is continueaisly adjustable 
over a range* of ^ so that any 

n*pe*titit>n fre»(|uenc 3 ' (*an be* u.se*d. In 
adelitie)!) tei the swee*p voltage, push-pull 
40-volt gate pulses of swee'p duration 
are provide*d at front-panel terminals. 

(4) lhil.se generating circuits who.se 
timing is controlled by trigger pulses 
derived by amplitude comparison from 



rucM 
im nut 


Figure 2A. System block diagram, showing major 
circuit groups and their interconnections. 

th(‘ swe»ep voltage. 'Fhe pul.se duration 
is continuously and accurately adjust¬ 
able over a gamut of 0.05 gsec to 100,- 
000 gsec by this method of timing. A 
.switch on the front jianel 

fa) provides normal operation as 
de.scril)ed, 

(b) connects the input of the pulse- 
generating circuits to panel terminals 
for external control t»f start and stop 
time.s, or 

(c) mak(‘s available at panel ter¬ 
minals the start-and-stop trigger pul.ses 
t hat normally lirm* I hi* main pulse. 
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Figure 3A. Block diagram of input 
circuit. 


A (lirect-eoupled^ push-pull output 
systorn makes the output pulses useful 
over their large range of duratious. The 
output impedauee ean be set at values 
of 50, 75, 100, 300, and (iOO ohms with 
a rolar>' switch. 

Throughout the system no circuits 
have been used that must be restricted 
in duty ratio, .so that there is no limit 
except recovery time on the maximum 
duration of sweep or pulse.s. liie maxi¬ 
mum duty ratio is limited by recovery¬ 
time to approximately 90% of the 
perioil set by repetition rate. 

CIRCUITS, CONTROLS, AND 
INTERCONNECTIONS 
Input Circuits. (Figure 3) The input 
circuits consist of an input amplifier, 
Schmitt circuit,* pulse-forming circuit, 
amplifier, and output cathode follower. 
The vSchmitt circuit, driven by the 
direct-coupled amplifier, in turn driv'es 
the direi‘t-trigger pulse-forming circuit 
l t> produce the direct-t rigger pulses at 
j)rf’s between about 3 cycle.s and 500 
kilocycles. This direct-trigger pulse is 
used to .synchronize the rest of the cir¬ 
cuit groups within the instrument. It 


MULTIPLE PULSE 


TO COINCIDENCE 
AMPLIFIER 


•Schmitt, Otto F., "A Thermionic Trigper." ./our. .Sn, 
/nsts,. IMS. XV. i>. 24. 


can be formed on whichevT^r zero cro.ss- 
ing the user selects. For .sine-w^ave and 
s(iuare-wave inputs, the trigger-gener¬ 
ating system requires approximately 
0.5 volt peak; for brief pulses of either 
polarity, approximately 10 volts. 

The panel switch that .selects posi¬ 
tive-going or negative-going voltages 
has positions in w'hich the direct-trigger 
pul.se is fed to the coincidence circuit to 
provide for multiple pulsing. 

The sweep circuit and the delay cir¬ 
cuit can be triggered simultaneously by 
(he direct-trigger pulse, or the sweep 
circuit can be triggered by the delayed 
synchronizing pulse. The.se two modes 
of operation, selectable by a panel tog¬ 
gle switidi, make available the delayed 
synchronizing pulse during the sweep 
time, or, alternatively, make use of the 
delay circuit to delay the sweep with 
respect to the direct-trigger pulse. 

The direct synchronizing pulse is a 
lOO-volt, 1.5 gsec, positive pulse fed 
from a cathode follower to a pair of 
binding posts on the front panel. Lag¬ 
ging slightly behind the direct-trigger 
ptdse, it can be used to trigger auxiliary 
equipment such as oscilloscope.s and 



Figure 3B. Time re> 
lationships in input 
circuit. 
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couniors. It ran also be use<l to initiate 
^ the main pulse wlien the pulse duration 
is to be deteimiiUKl by the delay eireiiit. 

ICxeept for an input-eoupliiiK capaei- 
tor, the input amplifier and the Schmitt 
circuit are d-c stable. If it is desired to 
tripi^er the p;enerator at very low rates 
of chan>?(‘ of input voltage, the ini)ut 
capacitor cati be shortcMl out. 'fhe 
Schmitt circuit is adjusted in the labo¬ 
ratory for maximum sen.sitivily for 
sim*-\vave and s^piare-wave itiputs. If 
the particular application of the pulser 
refjuires that it be .sensitive to eithc*r a 
positive or negative pulse of low ampli¬ 
tude (le.ss than 10 volts) an int(‘rnal 
screw-ilriver adjustment permits set ting 
the circtiit to be more sensitive to one 
or the other ptilse polarities. 'Phis con¬ 
trol can al.so be adjusted so that the 
Si'hmitt circuit will trigger precisely at 
either positive or negative zero crossing. 

When the generator is driven by a 
briei, rapidly rising, input pulse*, there 
is a time ilelay of 0.4 /tisec between the 
input pulse and the direct-sytichroniz- 
ing pulse. 1'his time delay permits: 
(a.) the establishment of an accurately 
predetermined nunirnuin delay ntid, 
(b.) the ob.servation of the direct syn¬ 
chronizing pulse on almost any oscilh>- 
.scoja* triggered by the input pulse. 
Delay Circuits. (Figure 4) 44ie direct- 
trigger pulse starts the delay circuit by 
opening a bistable gate. The opening of 
the gat,t» starts a sweep, which pnaluces 
a rising voltage whose slope is det(‘r- 
mined by an R-C’ circuit. The delay 
control, a ten-turn potentiometer, pro¬ 
vider? a voltage r(‘ference for an ampli¬ 
tude (comparator. When the swt*ep volt¬ 
age reach(»s the level set by the delay 
control, the amplitude comparator o|a*r- 
ates to form a trigger puls<^* that ch»s(*s 
the bistable gate*, ending the swe(*p and 
returning the loop to its original state. 

Tlie dial for the ten-turn potentiom¬ 


eter is calibrated litiearily in KMH) divi¬ 
sions and provid(».s an accurate reading 
of the delay with high incremental reso¬ 
lution. Delay is direct reading in micro¬ 
seconds, the basic rang(* being from I to 
11 microseconds with a six-d(*cade range 
.switch, which changi's the R-C circuit 
con.stants. 

This form of d(»lay circuit, where the 
ba.sic R-C timing circuit is an integra¬ 
tor, has lower noise than the simpler 
form.s of monostable circuits. Careful 
m(*asurement .shows time jitters caused 
by circuit noi.se to be* as low as I part in 
.')O.O(K). Care has b(*en taken in the d(*- 
.sign of the circuit to minimize drifts and 
transients n*.sulting from line-voltage 
variations, and all liming errors caused 
by a =*= 10% change in line voltage have 
l>een reduced to l(‘.ss than 0.01of the 
dial reading. 

Coincidence Circuit. .\ mono.stable coin¬ 
cidence gate, adjusUble from approxi- 
maU*ly 3 to KKKl /isec, is a part of the 
delay circuit. 4'his gatx* is opened by tin* 
trigger pulse jntMiuced by the main de¬ 
lay circuit, I g.sec to 1 .1 sec after the 
direct-trigger pul.se. The coincidence 
gate permits many useful time-selection 
operations.^ (.See Figure 4C\ and D), 

111 normal operation, the opening of 
the coincidence gate prixluees the de¬ 
layed synchronizing pul.se (Fig. 4H). If, 
however, the sensitivity of the coinci¬ 
dence amplifier is reduced, it can no 
longer be switirlicd by the opening of 
the coincidence gate and the circuits are 
prepared for coincidence operation. The 
injection of a po.sitive or negative pul.se 
at the coincideuc(*-drive terminals dur¬ 
ing the time that the gate is open will 
cause the coincidence amplifier to oper¬ 
ate, and a delayed synchronizing pulse 
to Ije pnxJiiccal. W'hile the coiiieidem*e 

•Chiinre. B.. etal.. WwftformM, l(ad%iil%on hihoraiory 
Strxfi. Vol. I9. McCIraw Ililt, New York, UNO. (Chflpier 
lO contains an mcccllenl diwuaaion of tiinv •cli'ction ami 
ooincitlonct? systams.) 
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Figure 4A. Block 
diagram of delay 
circuiti. 



gate i.s Open, a.s many lielayed s^ni- 
chronizing pulses will lx* produced as 
there are input pulses to the coincidence 
circuit. 

Pnivisions have been made for pro¬ 
ducing multiple-pulse groups internally 
by proiHT use of the main delay circuit 
and coincidence system. An illustrative 
timing diagram is shown in Figure 41). 


In this iikkIc (»f operation, the main 
delay circuit is used to “count-down^* 
the input prf by any desired number up 
to about 20 by appropriate .setting 
of the delay (*ontrols. The direct-trigger 
pulses, which occur at the input prf, 
are fed to the coincidence amplifier. 
All of the direct-trigger pulses that e.xist 
during the time the coincidence gate is 



Figuro 4B. Delay* 
circuit timing; coin¬ 
cidence circuit set for 
normol operotion. 



Figure 4C. Timing 
of multiple pultet 
when delay cir¬ 
cuit is cannected 
for multiple-pulse 
operation. 
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o|M»ii will opornto the delaycMi-trij^j^tM* 
pnlsi‘>fonninK cin uit to pnMlucc a >;roup 
of pulses. 

Let us assume tiiat the input fr(‘- 
<|ueiiev setting the hasie prf is lt)0 ke. 
’Phe main <lelay eireuit is set between 
*,Mt and 100 to divide this input 

fre(|ueney l>y ten. Let it he set to 02 
iusee. 'riH‘ eoineidenee gate is set lor 20 
mieroseeonds, and <*oineidenees are e.s- 
tahlislunl hy the lOth and 11th direet- 
trigger pulses to (iroiluee a pair of de- 
layetl synehnmizing pulses s<‘parate<l hy 
to /is<*e at a 10 k<‘ rate. Increasing the 
eoim‘idem ('-gati' duration to i^O gs<*e will 
add a third pulse to this pair and so on. 
Since delayed synchronizing pulses can 
always he us(‘d to start tlie action of 
tin* pulse g(‘nerator. grotjps of output 
pulses or sweeps <*an he produc(*d (S(*(* 
Figure tt). 

'Po illiistrali* a use of the <*oincideinM‘ 
cir<*uits with an external as.soeiated 
liming general(»r, jM)nsider the e.\am)jle 
shown in Figun* 4(\ Here the hasie 
repetition rate, /. is set hy the timing 
generator. Additional outputs at 10 /. 
10*/ . . . 10“/ an* also available from 
the timing generator. .Vny of tln*s(* 
higher-fre<|uency pulses ran he fed 
into the (*oiu(*idein*o input terminals. 
'Pin* timing diagram of Figun* 4C* shmvs 
Iniw multiple pulst*s. precise* delays and 
standardization of the timc*-di*lay cir¬ 
cuits can In* obtained. 

To priniuce a group of pulses, the <h*- 
lay controls are first set t<^ open the 
coincidence gate at the desired point in 
time. 'Phe coincidence-gate duration is 
then adjusted to an interval appropri¬ 
ate to produce the desired pulse group. 

W'hen the coincidence-gate duration 
is less than the time interval between 
input pulses to the coincidence circuit, 
only one delayed-trigger pulse (or none) 
will he produced. The timing of this 
delayed-trigger pulse relative to the 


direct-trigg(*r pul.‘<e is preci.m*ly con¬ 
trolled by the timing generator. 

The delay-circuit culihration can Ik* 
checked by determining tin* point at 
which eoincideiH*e is just estal)li.sh(*d by 
tlio opening of the eoineiilen<*e gale. 
'Phis method is accurate to only t).2 
gsee owing to the Pinilo ri.se-time of tin* 
gate. 

When the roineidein*e circuits are 
driven hy exti'rnally generato»l trigger 
pulsc*s, the delayed sync'hronizing pulse* 
always occurs w hen. and only wlien, the 
pul.<e occurs at the coiiicid<*in‘e input. 
'Phus, the delayed syuehrouiziiig puls<* 
will move step-wise in tiiin* as the main 
delay controls are operatetl. and the 
delay interval lias the same accuracy a.s 
tin* timing g(»in*ratf>r. 

'Phe fre(iueiicv dividers in the timing 
generator are ii.siially much more stable 
in phase than H-(’ time<l monostahle 
circuits, and tin* s<*|ectitm of delay(*<l 
pulses as descrilK*<l r<*duces tin* jitter 
present in tin* delayeii output to that 
inlier(*iit in the timing generator. 

Sweep Circuit. 'Pin* sweep circuit is .simi¬ 
lar in form to tin* main ilelay gi*m*rator. 
consisting of a l»istal)le gate, a “boot¬ 
strap”* linear swe»*p circuit, an ampli¬ 
tude comparator li.\e<l t<» trigger at 1.T5 
volts, and a re.s(*t trigg(*r generator 
I Figure o). The sw<*«*p timing is aceom- 
pli.shefJ by the .setting i>f K-(' time <*on- 
.stants to pnMhn e the basic 3. ti. and 12 
asee rang<*.s and their decade multi¬ 
pliers. The push-pull swi'cp is fed from 
two cathode followers to two pairs of 
binding posts at which negative-going 
or positive-going sw'ceps are as'ailable. 
In addition, sweep-gate pulses are fed 
in push-pull to front-panel terminals 
where they are available, positive or 
negative, as a gate or for intensif^-ing 
the trace on a cathode-ray o.scilloscope. 

The most obvions use of the sweep is 

• Wavffofvui. p. 207 
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Figure 5A. Block 
diogrom of the 
sweep circuits. 
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timing CIRCUITS 


l() provide a .simple means for viewing 
the output pulse on an}' oscilloscope 
capable of being deflected by direct con¬ 
nection to the horizontal deflection 
plates. In addition, tlie sweep can be 
used to drive external amplitude com¬ 
parators to generate additional pulses or 
delays.* The main pulse circuits can be 
started aiul stopped by external trigger¬ 
ing pulses obtained from pains of siicli 
amplitude comparatons, to provide 
many pulses of independentl}' con¬ 
trolled duration and delay. With their 
40-volt amplitudes, sweep gates are 
adequate pulses for many testing [)ur- 
poses. I'he Type 1219-.\ Tnit Pulse 
Amplifier, for instance, can be ilriven 
by the.se gates to produce (‘xcollent 
pulses for use as pedestal.s for the 
main output pulse. Since the main 
pulse always occurs during the time in¬ 
terval in which the sweep gate is open, 
this gate can bo used to operate a keyed 
clanqT to restore d-c level for the main 
pul.se anywhere in the external system. 
Pulse Timing System. The po.sitive- 
going sweep is used to time the main 
pulse generator. The linearly rising volt- 

• floitje, op. eit. 

’Wendt, K. R.. "Tele%'i«ion D. C. Component,” R.C.A. 
Rfriae, Vol. IX. No. 1. MareU 1948. p. 100 ff. 


age operate.s two amplitutle compara¬ 
tors, one to start and one to .stop the 
pulse-generating circuits. The start and 
.stop reference voltages can be independ¬ 
ently .set by front-panel controls (Fig¬ 
ure 7). The start voltage .sets the posi¬ 
tion of the “leading edge” of the pul.se 
along the sweep, and the stop voltage 
sets the “trailing edge.” The stop- 
voltage (or pulse duration) dial read.s 
again.st an index carried by the start- 
voltage (or pulse-delay) dial and, 
therefore^ reads directly in pulse dura- 
tioii. The excellent timing ac(*uracy of 
this .system results from the good linear¬ 
ity of the sweep as a function of time 
and of the voltage-setting potentiom¬ 
eters as a function of angle. 

With this type of delay and dura¬ 
tion control for the timing of the pulse 
relative to the start of the sweep, the 
.sum of the pulse delay and pulse 
duration times must be equal to or le.ss 
than 2.75, 5.5, or 11 gsec on the 3, 0, 
or 12 /isec sweep-duration control .set- 
ting.s. On the 3 microsecond sweep, for 
example, a maximum pulse duration of 
0-2.5 gsec can be set on the 100-division 
dial. Maximum pulse durations of 5 and 
10 /xsec, respectively, can be siinilarly 



Figure 5B. Time 
relationships in 
the sweep circuit. 
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Figure 6A. Block 
diagram of pulse¬ 
timing and out¬ 
put circuits. 
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set on the 6 and 12 fisev, ranges. The 
position of pulses of shorter duration 
timn these maxima can he set within the 
stated limits. For instance, on a 12-M«ec 
sweep, a o-jusec pulse can he positioned 
over a range of 5 /usee. For highest 
accuracy and resolution the shortest 
sweep that will accommodate the de¬ 
sired pulse should he used. (See Fig¬ 
ure (3) 

Care in the circuit design and com¬ 
ponent choice ecpial to t hat in the delay 
circuits discussed jireviously leads to 
low jitter figures ami a high degree of 
reliaf)ility. The extremely high resolu¬ 
tion of the delay circuit is not provided 
in the pulse-timing system and is not 
usually n(H*ded. The delay circuit, how¬ 
ever, can he used to control pulses of 
duration greater than 1 /usee if ex¬ 
tremely high resolution should he 
needed. 

The trigger-pulses for the pulse-gen¬ 
erating circuits are fed through a switch 
to start and to stop a bistable pulse-con¬ 
trolling gate. Tliis switch permits the 


•»T0»>^ 

TRKJCCR 

CIRCUIT 


operator: 

(1) to start and stop the pulse with 
the internally generated triggers from 
the circuits just desenhed. 

(2) to start and to stop the pulse wit h 
triggers generated externally. 

(3) to obtain the internally generated 
start-and-stop trigger pulses at indi¬ 
vidual l)inding posts on the panel. These 
positive-going pulses are obtained from 
cath(3de followers and can he used to 
control external circuits. They can, for 
example, he used to measure Hip-flop 
resolution, since they can he set to occur 
simultaneously. In this switch position 
the main pulse is not g(‘nerat(*d. 

Main Pulse-Generating Circuits. (Figure 
8) 'I'he start-and-stop-trigger pulses op¬ 
erate a high-speed, bistable gate circuit. 
This circuit drives a pair of pulse ampli¬ 
fiers which, in turn, operate a pair of 
l)ufTers for the output stage, 'i'he push- 
pull pulse-output stage is a single, 40- 
watt, 5804 dual heam-tetrcxle tube oper¬ 
ated as a current source with switched 
load resistors across which the voltage 
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Figure 6B. Pulse 
timing diagram. 
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piMt.-g. I'Ih' r^mmon inidpiDitit cd the 

Irxitd Ti'jilsUit^ isi g'iCMIiheC'tOcI tgj ah iuJiJ]- 

tionuL iMiidiriH Hinl ug iiciriHuliy 

filioiiiHdcd. tu the pniti'l throueli ii Kltrm- 
jitK htik. irndtT thcifc eonditioitg the 
ouiptil contain a itt^iLvf; rl-e 

eompoiiL'nl will] Tfcijtftft III p^niuiiil, 

VfirLations- in ihed-c tnjenptjiiierit ot tlic 
iiN^fte of + 2-i iiolts eaii he ohlaiti'ccl hy 
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laiited from any lon'-^'oLtuge Liil>urat(rr>' 

|]i>a4‘’r Hti,Eii|'ii1y nr triiCEOi'y I'uifuihlo uf inip- 
pl(,viiiK IflX.l' tnilliiiiM[>cT4^. 

!tVitlt th])i all-pu^ti-pull, iliretiH'iiu*' 
pint at'sU’m, no variatiott of piitw." 
H’hftrafiipriiititH with duty-fulLo oreum. 

jil. Hliy ltii|nMJulieH le-l'Ml And Wtlh 

utiy dural imtH no iitullfr fhin- liiii4‘i|. jtn* 
avuLlaiNe without raitip-off L'hei'tii. 

I’tiLfw^ amplitude is varuMi hy ntn- 
ImlliiiK ilieiii'ni-ii voHsm^* nti 1he pimh- 
|iu1l niiC|>ul Hlitipi. 'rtiis I'labinil Ih ha tiK- 
fiirtory for ehainpi'P pulsH? aniiilitndr’ liy 
at laiarf Imi-to-oaip, hut, where tlie iHSit 
idiape rharar-teriatim are- dosimd Lii the 
nlli!iiuiir.erl inline, jin iiiietiijator fnr rhE< 
iiii peilnnee usfil is jiridrE' 

able. Wliere output iiitiH'tlii.nE'o is itnl 
r-ritieaL, the deaimt red.i]ettoii in vultage 
eaii tie nfitaineil hy tivnJ renistorH * 
p1tl|IKt'd itiE-ii llii* fhinlil'lMiEitd liilid- 
ing-pi:>¥i pair^ provided. Tln‘ outp^il 
I'cLtai^e Lh alwa^'s equal to d.l5 tiiiii's 
I he Intal Icidgi rf^Histanre. Thuri an eit- 
kTiinl 7.0 oil lit ri^iisti'ir in pui'ullel with 
the iriUTaiul urLt iilim IihicI o-ill pnsluef" 
a l-volt output pulse. 

PdWER SUPPLIES ANA 
MECHANICAL PESIQH FEATURES 

To nfdu.fe iho weiRlil smd Inilk of the 
tMtL')e-|;enerataa' Ltaclf, all the puwtT su p- 
tdifM Are eruilaitted in a e^paratc unit 
(TsfH: l 3 Wl‘Pl) llifti (NiniseH« lo the 
mailt operating unit ihrtHigIt .>[[101 
eahlea. Thia deaiigit featuiv reduces hum 
arid in Lhe iKLairi unit and Eim- 

plifk^ fooling. .\ll l-tif e|^ %'tdtapiH are 
produeed hy etnuscrvativcly of>(i;rnlfti^ 
eeleniitm-rertitieT Rupplies. Tito acU*- Wf 
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Sweep, 

120 n%Bc, 
20 
cm 


Sweep 

gate, 

120 /isec, 
20 n%tc/ 
cm 


50 ixt^c 

output 

pulse; 

30 fifc 
delay on 
sweep; 
150i» 
output 
imped¬ 
ance; 40 V 


Figure 9. Sweep, sweep gate, and pulse. 


1000 Msec to 
prf drive 


100 fi%BC to 
coincidence 
drive 


Delayed trigger 


1000 and 100 
Msec timing 
combination 


Triple pulse, 
expanded 
view; 60 h%bc 
sweep, 50 h%bc 
pulse; timed by 
delay circuit 



Figure 10. Time selection to produce a multiple pulse. 


niimi units are carefully located for 
maximum cooling and are derated hy 
about 2:1. Although rectifier life ex¬ 
pectancy is over 2(),()()() hours, they 
have been made readily accessible for 
ease in replacement. 

The main unit has also been carefully 
designed for both cooling and accessi¬ 
bility of components. Forced-air cooling 
using a quiet 3-inch squirrel-cage blower 
maintains the hottest point of the cabi¬ 
net at a safe 20°C above ambient. 

Many features to aid in maintenance 
have been included. The multiplicity of 
input and output binding-post connec¬ 
tions to the various circuit groups with¬ 
in the instrument makes it simple to 
isolate a trouble. In addition, every 
stage that does not have a front panel 
connection is provided with a clearly 


labeled and numbered test point, and 
all vacuum tubes are mark(‘d by type, 
\'-number, and circuit function. All 
.screwdriver adjustments are likewi.se 
numbered and labeled to -show their 
circuit function. 

As with all (leneral Radio designs, 
great care has been taken to make the 
operating circuits independent of the 
characteristics of vacuum tubes and as 
reliable as possilde, consistent with the 
high performance requirements. .Ml 
panel-mounted variable resi.stors are 
precision, wire-wound potentiometers 
and, wherever po.ssil)le, computer-type 
va<*uum tubes hav'e been used. Et<*hed 
circuits are used wh(M’ever circuit (‘a- 
pacitance is critical in order to in.sure 
maximum repnalucibility of charac¬ 
teristics. R. \V. Fr.ank 


The author wislie.s to arkno\vlodj(c the many helpful sugge.stious and eriliei.«ms in:id(Mluriiig tli(‘ 
eour.se of this development hy M. C. Holtje, \V. K. livers, D. II. Sinclair, and \\\ P. llum’k; and. 
in addition, the eon trihut ion.sW P. Huu<*k in the estahlishment of lest and e^lihralion proce¬ 

dures, - it. W. F. 
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SPECIFICATIONS 


Pulse Generafing Circuit: 

Pulse Duration: (Timed by sweep) O.Oo lo 2.5, 
0.05 to 5,0 and 0.05 to 10.0 between lialf ainplj- 
lu(ie iMtints, with denule multipliers to a maxi¬ 
mum of 100,000 /isee. PuIsk' length ran Iw ex- 
tefided It* 1.1 seeomls if piil.se is timed by delay 
(dreuit. 

Pulse Duration Accuracy: After sweep calibra- 
lion, (P/o -h 0.05 Mi’ec). 

Pulse Position Accuracy: 0.5/buscM' ^ l%(>f dial 
rending. 

Pulse Rise Time: De|H.*nds on output iniped- 
aiiee eho.sim. Into a terminated 50-<jhm eoiixial 
line, it ean vary from 0.025 /usee by ^0.01 /asec. 
The following are ty^tieal (0.1 /zsia; pulse as 
measured on o.seilloseopi*; ri.se time of vertienl 
amplifier O.OOli ^.s#'e): 


Intpedtinct: Poftitivr PuLhc Xegative Pulse 



Hisc 

1 M^t'C 

Decoy 

nsec 

1 Rise 

1 tisec 

Decay 

fuicr 

Terminated ( ‘oax 
50 ohms 

0.03 

0.015 

0.02 

0.03 

15 M/^f Probe 
72 ohms 

0.03" 

1M)25 

r(k02“ 

'(M)3’ 

95 ohms 

0.03 

1).025 

0025 

0.03' 

150 ohms 

0.03 

0.03 

0.025 

0.03 

OtM) ohms 

0.05 

0.05 

1 O.tM 

0.05 


Pulse Shape: Overshoots and other defe<*t3 are 
leas than 5% of pulse amplitude when the pulsi' 
generator is eorreetly terminated. Pulse ram|>- 
ofT doe.s not exist, owing to direct coupling of 
outjMit circuits. 

Pulse Duty Ratio: Push-pull circuit with unity 
duty ratio po.ssible. 

Output Impedance, Z,.: 50, 72, HI, 150, 000 
ohms, all =*= 10%. 

Output Pulse Amplitude: 150-ma current 
source; voltage from each phase of push-pull 
cluuinel, 0.15 =*=20%. 

Typical nominal ampliiude.s, 50 ohms, 7.5v; 
72 ohms, lOv: HI ohms, Hv: 150 ohms, 22v; 
(>00 olmis, HOv. 

D-C Component Insertion: Binding posts provided 
lor this pur|M>.'*e. DC can Ixi moved =*=25 volts 
for all output imiHidances except 000 ohms. 
Input Synchronizing Signal: Signals of almo.<^t 
.•my sha|)c will trigger the input timing circuits. 
Average value must be approximately 0.2 volt, 
minimum. 

Typi(ral input signal minimum amplitudes 
are: 

(1) Sine wave, 0.2 volt, rm.s. 

(2) Square waves, 0.5 volt, peak-to-i>eak. 

(Jt) Brief positive pulse, 1(J volta, peak-to- 

fK‘{ik. 

(4) Brief negative pulse, 10 volts, |)eak-to- 
H^ak. 

rdernal wrewdrivor adjustment permits in¬ 
creasing trigger-circiiil .sensitivity for either 
|)ositive or negative pulses. 

Direct Synchronizing Pulse: 

J'olarity-positive amplitmlc: 75 volts peak- 
to-iK»ak. 


Duration: (t 2 amplitudej 1 ps<;c. 

Output Imp<?dance: (iOO ohms. 

Ue|>etition Rate: Amplitude constant to ^500 
ke; down 20^ 7 at 500 kc. 

Time-Delay Circuits: 

Range: l.O /u.sec to l.l scH* in six ranges. 

Delay Dial Calibration: 1.00 to 11.00 in 1000 
divisions. 

Delay Dial Resolution: 1 part in SSOO. 

Accuracy: Absolute, =*=2% of full scale, or 
of scale reading -f- .005 /i^sr^c, whichever 
is smaller; incremental <lclay, =fc (1% .05 

^see). 

Maximum PRF: 400 kc. 

Doty Ratio Effects: IjCss than 2 '} terror in de¬ 
lay for duty ratios up to fi0%',, at tlie low end of 
each range, and up to HO^ at the high end of 
each range; proportiomil effects between. 

Delayed Synchronizing Pulse Characteristics: 
Bo.'^itive, 00 v, 1.0-;isec half-amplitude duration, 
000 ohm cathode-follower output. 

Stability: 


1 

Low End 
of Dial 

liiyh Erui 
of Dial 

Time Jitter ' 

1:10,(KK) 

1:50,000 

10% Line Change 

2:1000 

2:10,000 

Sudden 10^f. Line 

3:1000 

3:1(MKH) 

Transient 




Coincidence Circuits: 

Gote Duration: 3 U> 1000 /isec. 

Cate Accuracy: =*= 15% or ^1 p.sec, whichever 
is larger. 

Coincidence driving circuit will jwcept either 
po.sitive or negative input |)idsos. Source im- 
I)edance should be low, nave rise time less t han 
0.2 Msec. .‘Vmplitudes IkH wcm^ti 5 and 20 volt« are 
acceptable for negative pulses, ami betwt'eo 10 
and 100 for positive pulses. 

Sweep Circuit: 

Sweep Duration: 3, li, 12 fiStui with 5-dccade 
multiplier. 

Sweep linearity: Determined by the accuracy 
of pidse timing. On longer ranges, where time 
delay effects are absent, the linearity is better 
than 1%. 

Sweep Amplitude: Rush-pull, each phase*, 135 
volts =*= 10%. 

Sweep Gate Amplitude: Push-pull, e.Hch phase 
40 volts =*=10%. Negative and positive 8w»H*ps 
and the positive sweep gate are cathode-follower 
output cinruits with a l-zif coupling capacitor. 

Duty Ratio and Repetition Rate Effects: Maxi¬ 
mum repetition rate, 3 mwh; sweijp, 250 kc. 


liangc Maximum Frsquefici/ for /)% 
Error in iiweep Slope 


Sweep Time 

S ysec 

6* M-s'cr* 

12 psec 

x 1 

150 kc 

KM) kc 

60 kc 

X 10 

1 160 kc 

12 kc 

'7'kc 

X r()5 

1 1.6 kc 

1.2 kc 

700 c 

X KF 

1 I60'c 

120 c 

70 c 

X 10» 

1 16 c 

12 c 

7 c 
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Tube Complement: Generutor: 

8 — «485 1 — 5891 

5 59H5 2 — (iAN8 1 - 0AW8 

4 - 12AX7 2 -ifFh 7 I - GBQ7A 

5 — GAN5 2 NKol 1 12B1I7 

2 1 — 5G87 I <3118 

I’ouor Supply, I — 0C3, I - GAKo, 1 — 

6AS7. 

Accessories Supplied: Irit4!rconn«;ctiiif5 cables, 

Type CAP-35 Power Coni, 2 Type 874-C58 
Cable C<^iimrton«, span* fuses. 

Other Accessories Available: Typk 12I9-A llliit 
Pulse Amplifier* for higher power output . 

Type 


1391-AMt 

1391-ARt 


♦ SfH* Experimenlrr for .luly, 1955, pp. 9-15. 
t Exprrtmrnfer for May. 1955, pp. 1-11. 


Accessories Required: Trigger source; practically 
any laboratory oscillator of the appropriate 
fre<|uenev range is adequate; the Type 1210-B 
Unit Il-C Oscillatort is recommended. 

Power Supply Input: 105 to 125 (or 210 to 250) 
volts, 50 to <i0 cycles, 385 watts. 

Dimensions: Generator, 19 (width) .v 14 (height) 
X 12*2 inches (ilepth) over-all; Power supply. 
19 (width) .\ 10’ 2 (height) x Pi’-jj inches (depth) 
over-all. 

Net Weight: Generator, 30 pounds; jiow'er sup¬ 
ply, 40 pounds. 

Citde. Woni Price 


t t^ S. Pat«*nt No. 2. 5-18,457. 

Lireriaed under pntonlM of the Radio Corporation of 
Amerira. 


Cabinet Model (incl. Power Supply). EDIFY $1745.00 

Relay-Rack Model (Incl. Power Supply) ... EBO.NY 1745.00 


MORE NEW 

'rhe new \V2-.series A'ariacs are 2- 
anipere eountcrpart.s of the \V.5 series, 
previously aiiiiouiieed.^ The new \V2- 
serie.s Uariaes are identical in design, 
construction and appiuirance to their 
W5 brothers, difTering from the latter 
only in electrical rating, size, and 
weight. All current and kva ratings are 
40% of the \V5 ratings. Panel mounting 
area, volume, and weight are each 
about 50% of the measurements of 
eciuivalent \V5 series models. Figure 1 
shows the basic model, Type W2. 

The basic, uncased model carries a 
2.4-ampere rating, an increase of 20% 
over the Type ^'2 which it supersedes. 
Other features inelude iJuratrak brush 
track, unit brush, captive counterbal¬ 
anced radiator a.ssembly and square 
flange mounting. Mounting holes match¬ 
ing those of the \'2 and the earlier Type 
200-B are also provided, so that the new 
unit directly replaces these models in 
practically all cases. 

Entirely new in this size Variac are 
cased models for fixed installations as 

>Exprrimcntfr, DecemU'r, 1955, 

Figure 1. View af Type W2 Variac. Mounting holes 
are on a 23^-inch square. Depth behind ponel is 
3’M« inches. 


VARIACS* 

well as for portable and l>ench use. The 
totally enclosed Type \V2M can he 
wall- or panel-mounted. Standard Tg in. 
diam. knockouts are provided for ^2 hi. 
conduit or cable connectors. Portable 
models include line cord, convenience 
outlet, line switch, and carrying handle, 
plus resettal)le overload protector, first 
introduced in the W5 series. \V2MT is 
provided with two-wire cord and out¬ 
let; ihe W2MT3 has the new standard 
three-wire fittings which ground the 
efjuipment. 

The .sf|uare-ba.se design makes gang¬ 
ing simple, and assemblies are available 
both with and without enclosure. A 
numher of variations of the standard 
design are also possible. P’or example, 
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Cote dimen* 
tiont, both 
types are 
(width) 414 
X (height) 

5*/<s X (depth) 
4 Vi inches, 
over'all 



Figure 2. Type W2MT, with overload protector. 

units f<»r rotation and two-hriish 
iiuxlels are available ou special order. 
Motor-<lriven a.ssemblie.s will be an- 
iiouneeti in a future issue of the Expi^ri- 
menter, as will the stock availability of 
units equipped with ball bearings. 

NEW 400-CYCLE MODELS 

'fhe construction of the two-ainpen* 
and fivoanipero 400-cycle models, 
Type.s M2 and .Mo, have been reviswj 
to include all the features of the 00-cycle 
incMjels. The.se 400-cycle models are now 
identical to the 60-cycle models except 


Figure 3. Type W2M, with conduit knockouts. 

for the obvious difTerence in vertical 
dimension, made possible by the lower 
stack height of the high-frecpiency units. 

Fungus-resistant treatment has l>een ^ 
added as standard and stock units now 
pass most commonly encountered mili¬ 
tary corrosion, salt-spray and fungus 
.specifications, as well as .shock, vibra¬ 
tion and humidity re(|uiroments. Manu- ' 
facturing economies resulting from the 
u.se of parts (‘ommon to the 60-cycle 
(\V-.serie.s) units permit a .significant re¬ 
duction in price, as shown in the fol¬ 
lowing table: 


Figure 5 (left) Type W2G2M; (right) Type W2G3 
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Old Style Xcw JJesiyn 

Tyi>c M'j.$22.50 $IS.50 

Typi* M2 15.50 14.50 

Even more striking is the eoinparison 
with the Tyi'k (iO-AU, protleeesscir of 
the M5, which listed five years ago at 


$28. These lower prices, accompanied 
hy .snhstani lally improved performance, 
have been accomplished in a ])('riod of 
ri.sing material and lal)or costs and are 
the result of a continuous program of 
careful attention to design, tooling and 
production methods. 


SPECIFICATIONS FOR W2-SERIES VARIACS 





Ijine-Voltage 
Connertum 

1 Oeerroltage. 
Connection 


1 






2 

5 11 -H 




<«; 1 1 





$ ® 

1 


^ 9 

i E 
'll 

ri i 


1 

Type 

1 

^ Mounting 

- 1 

Hated (h 
Current - 

5.5* 'h w 5. 


"i 

S.I 

V St 

d 2 

!c-:r 

9 "^9 ('ode 

Word 

Crirc 

W2 

Un eastal 

115 

2.4 

0-115 4.1 0.40 i 

0-145 

2.4 

4.5 

5-10 ! :VH j^r.AL 

$13.50 

W2M 

With rase 

115 

2 

0-115 2.0 0.40 

0-145 

2 

4.5 

5-10 1 HAGER 

18.00 

W2MT 

Portable 
2-wire 

115 

See Xnte Heloie 

0 145 

2 

4.5 

5-10 4^1 BAtJIC 

24.00 

W2MT3 

Portable 
4-wire 

iT.r 

See Note. lie.loir 

0 145 

2 

4.5’ 

5-10 4*'i' HAGOM 

26.00 


Note 1. MT di«n1(4.s snv .•sliipiw^l with ovorvoltaKe I’cnnertiuiis jithI corn\spon(liug dial st-alcs, hut 
(*uii l)c 8upplii*d on sjKfcial ordiT with lino-volt ago ronripotions aiul tlial scaU*.**. 

Note 2. The Tri'E \V2 dial plate i.** iwca^ilile, with 0 115 on f)ne side, and 0 1.45 on the other. 
.\ngle <if rotation is 420 degn^'S. 

Note 4. Ueplacenietd brushes for Type \V2 Variaes {ue Type VB-I. 55e eaeh. 

Note I. Complete dimension drawings fiirni.shed on re<pie.st. 

TYPE M2 AND TYPE M5 VARIACS 



Output Current 





Tyjw 

lintrd 

Max, 

Depth liehintl 
Dane! 

Xet Weight 

Cttfie Word 

Hrire 

M2 

2 

3 

2’/t inches 

1 V» pounds 

BAtRJY 

$14.50 

M5 

5 

7.5 

2 Vs inches 

3!4 pounds 

CANNY 

18.50 


GANGED MODELS 

Type hesrription Xet Weight Cofte Wont Trire 


W262 

Two-gang 

7 pounds 

BAGALGANUr 

$32.00 

W2G2M 

Two-gong with cose 

8 pounds 

BAGALBONDU 

40.00 

W2G3 

Three-gong 

11 pounds 

BAGALGANTY 

48.00 

W2G3M 

Three-gong with cose 

12 pounds 

BAGALBONTY 

56.00 

M2G2 

2-gang M2 

3^1 pounds 

BAOGYGANDU 

33.00 

M2G3 

3-gang M2 

5W pounds 

BAGGYGANTY 

49.50 

M5G2 

2-gong M5 

6 V 4 pounds 

CANNYGANDU 

41.00 

M5G3 

3-gang M5 

10!4 pounds 

CAXXYGAXTY 

61.50 


SECOND INTERNATIONAL CONGRESS ON ACOUSTICS 

Cambridge, Mass June 17<23, 1956 

General Ptadio acoustical apparatus will rial Hall, Harvard University, June 20 and 
lie on display at the exhibit held in Memo- 21, in connection with this Congress. 
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PRESIDENTS—OLD AND NEW 



Errol H. Locke 


Charles C. Corey 


On December 31, 1955, Errol II. I^cke 
retired hs President of the General Radio 
Company and, on P'ebruar>’ 19, 1956, 
Charles C. Carey was elected to succeecl 
him. 

Mr. Locke came bJ the General Radio 
Company in 191S, three yeai^s after it*^ 
founding, and l)ecame \'ice-President in 
1920. His first association was with com¬ 
mercial and sales matters; later, as Vice- 
President, his main concern was with 
production. He was electetl Prasident in 
19-14 and held that post continuously until 
his retirement. As President, one of his 
primary" interests was personnel policies, 


a field in which his long ex|)erience and deep human sympathies were particularly effective. 

Mr. Carey’s lussociation with the General Radio Company began in 1927 in the production 
dejMirtment. In that .same year he liecame foreman of the wimling de|)artment. He was 
appointed a.ssi.st:int to the Vi<;e-President for Production in 1931 and Production Suiierin- 
tendent in 1934. Wlien Errol H. Locke Ixicame Pre.sident in 1944, Mr. C’aiey .succeeded him 
as Vice-Pmsident for Manufacturing and continued in this ofTice until 1956. 


CHAIRMAN HONORED 

At the annual meeting of the Scientific .\pparatus .Makers .Vsso- 
ciation in Helleaiie, Florida, April 11, Hai-old B. Richmoml, C’hair- 
man of the Board of Directors of the Geneml Radio C'ompany 
received the Scientific Apparatu.s Makers Award “in recognition 
of his leadership, vision, and devotion to the growth and progress 
of the scientific instrument industry.” Mr. Richmond’s re(!onl of 
servi(‘e to the As.sociation dates from I93.S. He was chainnan of 
its lM)anI of directors in 1947, its president in 193S, and is at present 
a flirector-at-large. He is the fii*st |K*i-son in the hi.story of the 
association to leceive this award before retirement. 





Harold B. Richmond 


AMERICAN SOCIETY FOR TESTING MATERIALS 


59th Annual Meeting Chalfonte-Haddon Hall 

At the apparatus exliibit held in conjunc¬ 
tion with this meeting, General Radio will 
exhibit some of the new items recently 
announced in the Experinwiiter, .\mong these 
are the Type 1605-A Impedance Compara¬ 
tor, the Type 1230-A D-C Amplifier and 
Electrometer, and the W-model Variacs. 
Other equipment in the exhibit includes 


Atlantic City, N. J. June 18-21, 1956 

bridges for measuring im])edance, power 
factor, and insulation resistance; strobo¬ 
scopes; polariscope; sound- and noise-mea.s- 
uring instillments, and voltage regulators. 

Plan to visit the General Radio exhibit in 
booths 48 and 49. Our engineers will be on 
hand to discuss your measurement problems 
with you. 
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275 MASSACHUSETTS AVENUE 
CAMBRIDGE 39 MASSACHUSETTS 
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lET LABS, INC in the Gen Rad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL; (516) 334-5959 • (800 ) 899-8438 • fax: (516) 334-5988 








